Background: Although antibody screening is mandatory according to the National Blood Policy of India, the prevalence of irregular red cell antibody and its specificities are not much reported in South Indian population. Aims and Objectives: The objective of this study is to find the prevalence of irregular red cell antibodies and positive direct antiglobulin test (DAT) in healthy blood donors in South India population. Materials and Methods: This is a retrospective observational study conducted in the department of transfusion medicine from April 2011 to March 2018 (7 years) at a tertiary care referral center, Chennai, Tamil Nadu. Red cell antibody screening of all voluntary blood donors was performed using commercial O cells (ID DiaCell Pool, DiaMed, Cressier sur Morat, Switzerland). Positive sera were further investigated to identify the irregular erythrocyte antibody by commercially available red cell panel (ID-DiaPanel, Diamed-ID Microtyping System). Results: A total of 40,629 donors were screened for the presence of irregular erythrocyte antibodies. A total of 57 (0.14%) donors showed the presence of irregular antibodies, in which 41 (71.9%) were alloantibodies. Most frequent alloantibodies identified were of MNS blood group system with anti-M being the highest (n = 15, 36.58%), followed by Rh blood group system. Sixteen (0.039%) donors were DAT positive, which were detected during routine crossmatching. Conclusion: Implementation of red cell antibody screening in all the blood donors routinely helped us understand the prevalence of antibodies in our region and its importance in providing compatible blood products and to avoid transfusion reactions.
Introduction
I rregular allo/autoantibodies refer to antibodies that are reactive at 37°C or in the anti-human globulin phase of testing. The reactivity of these antibodies is highly varied and unpredictable. These antibodies can be encountered in healthy blood donors who are either transfused previously or in multiparous females. As per the National Blood Policy, India, 2007, in addition to infectious marker screening, blood donors should be screened for irregular red cell antibodies to avoid any adverse transfusion reactions, especially due to the transfusion of plasma components. [1, 2] There is a paucity of literature on the prevalence of the irregular red cell antibodies in whole blood donor population. The reported incidence of irregular care referral center, Chennai, Tamil Nadu, in accordance with the institutional ethical standards. Donors who were eligible according to the National AIDS Control Organization (NACO)guidelines were selected after donor consent and tested for the presence of irregular red blood cell (RBC) antibodies. Meticulous donor screening was done at the time of blood donation which included donor basic profile, i.e., age, gender, address, any previous history of transfusion, any usage of drugs, history of jaundice or any significant disease associated to autoimmune disorders, and obstetric history in particular from female donors. Consent was taken before blood donation.
Universal precautions were taken during sample handling, processing, and testing. All the donor samples were collected from the donors during blood donation in ethylenediaminetetraacetic acid vials for blood grouping and antibody screening. Blood grouping was performed on semi-automated immunohematology system Saxo ID-centrifuge and ID-reader using commercially available DiaClon ABO/D+ Reverse Grouping (monoclonal antibodies) cards, Bio-Rad Laboratories. Antibody screening was performed using commercial single pooled "O" cells (ID-Diacell Pool, Bio-Rad Laboratories) with LISS/Coombs cards.
Any sample with positive antibody screen result using pooled "O" cells was subjected to antibody screening and identification with commercial screening reagent red cells (DiaMed, Switzerland) using commercially available cell panels (ID-DiaPanel, Diamed-ID Microtyping System). In addition to antibody screening, direct Coombs test was performed on donor samples in case of crossmatch incompatibility or blood group discrepancy, for example, reactions with O cells, as shown in Table 1 . Thermal amplitude test was done in case of cold antibody to determine the nature of the antibody according to our standard operating procedure.
All the data was compiled, tabulated and frequencies were calculated using Microsoft Excel spread sheet.
Statistics
All the data was compiled, tabulated and frequencies and percentages were calculated using Microsoft excel spread sheet.
Results
A total number of 40,629 donors donated at our center during the study period, in which 96% of donors were male and 4% were female. A total of 57 donors showed the presence of irregular antibodies, in which 41 (71.9%) were alloantibodies and 16 were direct antiglobulin test (DAT) positive. Table 2 shows the year-wise distribution of donations and prevalence of antibody positivity, in which there is an increasing trend of the prevalence of antibodies over the past 5 years. The prevalence of antibodies is higher in female donor population (0.5%) compared to males (0.12%), as shown in Table 3 . Overall frequency of alloantibodies among blood donors is depicted in Table 4 . Antibodies of MNS blood group system have the highest prevalence (51.2%) with anti-M (n = 15/41, 36.58%) being the most common antibody identified among the alloantibody donors, followed by anti-N (n = 5/41, 12.19%). Next common is the Rh system with anti-D (n = 4/41) showing 9.75%. When age-wise distribution of donors positive with antibody screen was considered, it shows that more number of donors (n = 31) belong to the age group of 25-44 years [ Figure 1 ]. well. Factors influencing the immunization rate and distribution of RBC alloantibodies include age, gender, ethnicity, number of transfusions, autoimmune disease, immunoglobulin level, lymphoproliferative disease, solid malignancy, and amount of incompatible erythrocytes received by the individual through transfusion. [6] Proper detection and identification of unexpected or irregular alloantibodies in donors are important for smooth and safer transfusion to patients. The prevalence of such irregular red cell antibodies has been extensively studied in patients in various parts of the world and also in India, but the data regarding exclusive donor population are very limited.
Data from various studies reported that the rate of alloimmunization in blood donors varies from 0.05% to 3.9%. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] In our study population, the prevalence of irregular antibodies is 0.14%, which is almost similar to other studies from India, as depicted in Table 5 . The difference in various frequencies in various studies could be due to the different methodology used for antibody screening and identification and heterogeneity of the population studied. In our study, semi-automated column agglutination technology was used and it is less sensitive (94%) than the solid-phase red cell adherence assay method with a sensitivity of 97%, used by Makroo et al., which showed the highest prevalence among the studies. [10] The study from Seattle, Washington, [13] had reported 0.32% incidence of irregular RBC antibodies in blood donors, and a study by Winters et al., [6] in 2001, reported a prevalence of 1.4% (n = 257 of 18,185 donors studied) among blood donors of Olmsted County, Minnesota. This high prevalence of antibodies in these studies was attributed to high number of females in study donor population who were previously transfused or had a history of pregnancy.
In the present study, the highest frequency of alloantibodies was identified in blood donors aged between 25 and 44 years in our study, as shown in Figure 1 . similar to other studies from North India, [5, 10] the high prevalence in this age group is due to maximum donors being in the reproductive age group and group comprising more number of active donors from this age.
In our study, the prevalence of irregular RBC alloantibodies in males (n = 48, 84.2%) was higher than females (n = 9, 15.7%) similar to a study by Makroo et al. (n = 63, 82.90%), correlating with the high prevalence of male donor population. [10] Naturally occurring antibodies which may present in either male or female population without a previous history of transfusion or pregnancy, if detected during antibody screening, should be checked for clinical significance as per institutional policies. 
Discussion
Naturally occurring anti-A and anti-B antibodies are routinely detected in human serum and are easily detected by the use of A and B reagent RBCs with a direct agglutination technique. In normal healthy individuals, anti-A and anti-B are generally the only RBC antibodies expected to be found in serum. All other antibodies directed against red cells are unexpected and are acquired through transfusion or pregnancy. They are known to occur in general population as In the present study, 9.75% (n = 4) of donor antibodies could not be determined. Donors showing positive antibody screening with the presence of inconclusive antibody panel could be due to low-titer antibodies in the donor serum. The other possibility could be that these antibodies are directed to antigen not mentioned in the panel antigen profile.
High-prevalence antigens/high-frequency antigens (HFA) are those that are present in almost all individuals (98% or more). [1] They are suspected when screen and panel cells are positive, with reactions in the same phase and at the same strength, along with a negative autocontrol. Four donors in the present study (2.87%) showed the presence of anti-HFA antibodies in the serum. Those units are discarded as part of the departmental protocol, and donor notification was given. Need for reference laboratories is required to sort out the specificity of HFA antibodies. In case of patients, finding the compatible blood may be a challenge.
In our study, the most frequent alloantibodies identified were from the MNS blood group system, followed by Rh blood group system and Lewis system. The frequency of anti-M and anti-N was found to be 36.58% and 12.19%, respectively, which was clinically significant. Anti-M and anti-N are generally naturally occurring alloantibodies which do not react at 37°C and are not clinically significant for transfusion but can cause a problem in pretransfusion testing. These antibodies are clinically significant when reactive at 37°C where plasma and platelets should be discarded to prevent unusual transfusion reactions and packed red cells (PRCs) should be issued after appropriate crossmatch. [14, 15] The frequency of M antigen globally is 75%; hence, 25% of the individuals lack M antigen, who are able to generate anti-M antibody when exposed to the antigen which could be the best possible explanation of such high frequency. [16] Next most common antibodies found are those of Rh and Lewis blood group systems. The frequency of antibodies of Rh blood group system in our study was found to be 17.07% (n = 7). Of these, anti-D was found to be 9.75% (n = 4), and the frequency of minor antigens anti-E and anti-D+C was found to be 7.3%. The Lewis blood group system is different from other blood group systems, as the antigens (Le a and Le b ) are formed in the plasma and absorbed onto the red cell membrane. Although Lewis antibodies present in recipient are implicated in Hemolytic Transfusion reaction, there is no report highlighting its clinical significance of Lewis antibodies in donor plasma [17] These antibodies may be clinically relevant if the antibody causes in vitro hemolysis during serologic laboratory testing and antigen-negative blood should be selected for transfusion [18] In our donors, anti-Leb (n = 4, 9.75%) was found to be more common than anti-Lea (n = 2, 4.87%). Like the present study, Chenna et al [12] also reported the presence of Lewis antibodies in their study group.
DAT may be positive in a small percentage of otherwise healthy donors. [19] A positive DAT in an otherwise healthy person might be considered to herald future autoimmune disease. Hence, it is equally important to test for DAT on all blood donors along with a screening of irregular antibodies. This adds an extra layer of safety in blood transfusion. In our study, 16 donors (n = 16/57, 0.039%) had autoantibodies (DAT positive) which are almost similar to results reported by Tiwari et al. (0.04%) and Kaur et al. (0.05%). [3, 11] As per our institutional policy, DAT-positive PRC units were discarded. There is also a need to do an elaborate long-term follow-up on these donors since there is an evidence of a significantly increased risk of cancer, especially hematologic malignancies, among blood donors with a positive DAT. [20] The limitation of the study was incomplete immunohematology workups in cases of anti-HFA antibodies or inconclusive antibodies due to lack of availability of rare red cell antisera or local reference laboratories for serological or molecular confirmation. Irregular antibody screening in donors is not done in many centers in India due to decentralized and fragmented blood transfusion services. It serves to simplify the work of crossmatching by eliminating the need for the minor crossmatch. Red cell antibody screening of the donors is a simple test, adds a layer of safety in transfusion, and reduces the need for minor crossmatching for plasma transfusion. In such cases, only packed RBCs should be used for transfusion. In addition, we recommend that in cases where the antibody is found in blood donor, they should be informed, so that in future, if they require any transfusion, they can inform the blood bank prior.
Conclusion
Data of the prevalence of red cell alloantibodies in blood donors will assist in improving safe blood supply for patients needing transfusion and to avoid transfusion reactions. We found that there is a significant frequency of irregular RBC alloantibodies (0.14%) with MNS blood group system being the most frequently identified alloantibodies in blood donors at our center. This kind of studies emphasizes the need for the mandatory screening and identification of irregular RBC antibodies among blood donors and it creates an eye view of the necessary for better use of donor blood, more efficient services as well as safe and compatible blood transfusion, especially for previously alloimmunized individuals.
